Abstract-The dependence of the kinetics of diffusion transfer of solutions through MF 4SC and MC 40 ion exchange membranes during the matrix synthesis of polyaniline on the composition of feed solutions and the nature of the initiating agents and the polymer matrix is studied. The effect of the conditions of the mod ification of the parent membrane on the resultant physicochemical characteristics is studied. The conditions of synthesis for the preparation of MF 4SC-polyaniline (emeraldine) composites with an optimized combi nation of conducting and diffusion characteristics are found. The contribution of electron conductivity to the overall proton-electron conductivity of the composite films is estimated.
INTRODUCTION
At the present time, studies of nanocomposite membrane materials are attracting great interest, which has triggered an intensive growth in the number of related publications. Of special interest are the composite materials containing polyaniline (PANI), which belongs to the class of "organic metals" owing to the attractive combination of electron conductivity and characteristics of organic polymers. The unique chemistry of PANI is associated with its block struc ture and redox heterogeneity [1] [2] [3] , and PANI is known to be sensitive to the action of oxidizing and reducing agents. This property, responsible for transi tions to a conducting (doped) state and a nonconduct ing (dedoped) state of PANI, has been coined "chem ical memory" [2, 4] . It is well known that the nature of a dopant, which can be represented by various charged polymer matrices, has a great importance for the mor phological characteristics of the composites and for their behavior in various electrochemical devices [2] .
Despite numerous publications devoted to the preparation of nanoscale structures containing PANI, some problems remain vague: Among them are the mechanisms of the formation of PANI in the struc tural cavities of various ion exchange membranes in the course of the chemical synthesis. At the same time, composites based on ion exchange membranes in which a polymer film can be prepared in the free standing state, rather than on the electrode surface, are of special interest because they are promising for use in electromembrane separation processes [5] , fuel elements [6] , and sensor devices [7] as well as for the preparation of anticorrosive coatings [8] .
Several publications have presented results on the preparation of nanocomposite membranes based on domestic perfluorinated sulfocationic membranes containing MF 4SC and PANI [9] [10] [11] . It was found that the characteristics of these composites strongly depend on the parameters of chemical synthesis, i.e., on the concentration of feed solutions and contact time. The current study presents results on the study of the diffusion phenomena during the matrix synthesis of PANI using various redox systems (initiating agents for polymerization) and different parent matrices of diverse structures. In addition, the diffusion and con ducting characteristics of the composites prepared under different conditions of synthesis were measured.
EXPERIMENTAL

Materials and Methods
In this study, we investigated perfluorinated sulfo cationic MF 4SC membranes (batch 29 of the pro duction lot, extrusion membrane modified with the Experimental procedures for the estimation of the integral coefficients of diffusion permeability, electri cal conductivity, and equilibrium characteristics were similar to those described in [9, 10, 13] . (The experi mental error did not exceed 5%.)
Diffusion of Solutions in the
Matrix Synthesis of Polyaniline
Composite membranes were prepared in two dif ferent ways. In the first version of synthesis (set I), the composites were prepared through the synthesis of PANI via the method of consecutive diffusion from chamber I to chamber II (water), when chambers were separated by a membrane. The membrane in its Н + form was immersed into a 0.01 M aniline solution in 0.5 M H 2 SO 4 for a week; then, the membrane was ver tically positioned between chambers of a two chamber cell. (The schematic presentation of this synthesis is illustrated in Fig. 1.) Chamber I was filled with the 0.01 M aniline solution and 0.5 M H 2 SO 4 , and cham ber II was filled with distilled water. In this case, the resistance R in chamber II, equipped with platinum electrodes, was measured with an E 7 21 immi tancemeter at a frequency of 1 kHz. The diffusion transfer of the solution containing 0.01 M aniline and 0.5 M H 2 SO 4 was performed for 1 h. This procedure was repeated for the subsequent diffusion of a solution containing 0.01 g eq/l initiating agent for polymeriza tion (concentration was calculated with allowance for the chemical equivalent for redox reactions) in the 2 We would like to thank S.V. Timofeev and L.P. Bobrova for the samples of perfluorinated MF 4SC membranes (OAO Shcheki noazot, Shchekino).
mixture with a 0.5 M solution of H 2 SO 4 for 3 h. At each stage, fresh portions of water were added to chamber II. As an initiating agent for polymerization of aniline, solutions of (NH 4 ) 2 S 2 O 8 , FeCl 3 , or HIO 3 were used in chamber I. At this stage, matrix synthesis of polyaniline occurred, and the MF 4SC-PANI composite was formed.
In the second version (set II), the synthesis was per formed under static conditions. Membranes in the Н + form were allowed to stay for 1 day in a 0.1 M solution of aniline containing 0.5 M H 2 SO 4 . Then, the mem branes were brought into contact with the solutions of initiating agents for polymerization: (NH 4 ) 2 S 2 O 8 , (NH 4 ) 2 S 2 O 8 + 0.5 М H 2 SO 4 , K 2 S 2 O 8 , K 2 S 2 O 8 + 0.5 М H 2 SO 4 ; FeCl 3 ; FeCl 3 + 0.5 М H 2 SO 4 . In this case, the concentration of the initiating agents was varied: 0.01, 0.05, and 0.1 g eq/l. Synthesis was performed for 3 h.
In addition, saturation of MF 4SC membrane with phenylammonium ions (PA + ) was studied under static conditions. In this case, the samples in the Н + form were brought into contact with the aniline solutions (0.01, 0.05, and 0.1 mol/l) in the presence of 0.5 M H 2 SO 4 for 3 h.
After the synthesis, the membranes were washed with water and the resistances of these water samples were measured. Next, the membrane samples were equilibrated with the 0.5 M H 2 SO 4 solution. Then, electrical conductivity was measured and the integral coefficients of the diffusion permeability of the com posites were estimated. Figure 1 presents an illustration of the synthesis of PANI in the polymer matrix based on the sulfoca tionic membrane. At the stage when the membrane is saturated with PA + ions (Fig. 1a) , their intercalation into the membrane proceeds via the mechanism of ion exchange with protons and nonexchange sorption [14] ; in addition, this stage involves self organization of charged monomers preceding the formation of aro matic polymer chains of PANI. The autocatalytic character of this reaction and the sorption and hydro philic characteristics of the composite membranes have been reported and discussed in [15, 16] . Figure 1b shows the scheme of the formation of the MF 4SC- 
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